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1 . Basis of the report 

a With regard to the language, the international search was carried out on the basis of the international application in the 
language in which it was filed, unless otherwise indicated under this item. 

I I the international search was carried out on the basis of a translation of the international application furnished to this 
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furnished subsequently to this Authority in written form, 
furnished subsequently to this Authority in computer readble form. 

the statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 
International application as filed has been furnished. 

the statement that the information recorded in computer readable form is identical to the written sequence listing has been 
furnished 

Certain claims were found unsearchable (See Box I). 
Unity of Invention is lacking (see Box II). 



4. With regard to the title. 

pT] the text is approved as submitted by tfie applicant. 

I I the text has been established by this Authority to read as follows: 



5. With regard to the abstract, 

Pf] the text is approved as submitted by the applicant. 

□ the text has been established, according to Rule 38.2(b), by this Authority as it appears in Box III. The applicant may, 
within one month from the date of mailing of this international search report, submit comments to this Authority. 

6. The figure of the drawings to be published with the abstract is Figure No. J - 

[T] as suggested by the applicant. Q None of the figures. 

I I because the applicant failed to suggest a figure. 

I I t>ecause this figure better characterizes the invention. 
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INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 



International application No. PCT/GBOO/01 829 



1. Basis of the report 

1. This report has been drawn on the basis of (substitute sheets which have been furnished to the receiving Office in 
response to an invitation under Article 14 are referred to in this report as "originally fited" and are not annexed to 
the report since they do not contain amendments (Rules 70. 16 and 70, 17).): 
Description, pages: 

1 ,4-1 0 as originally filed 

2,3,3a as received on 21/02/2001 with letter of 20/02/2001 
Claims, No.: 

1-26 as received on 21/02/2001 with letter of 20/02/2001 
Drawings, sheets: 

1/4^/4 as originally filed 



2. With regard to the language, all the elements mari<ed above were available or furnished to this Authority in the 
language in which the international application was filed, unless othenvise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation fumished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the intemational application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained In the international application In written form. 

□ filed together with the intemational application in computer readable fomi. 

□ fumished subsequently to this Authority in written form. 

□ fumished subsequently to this Authority in computer readable fomn. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the intemational application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been fumished. 

4. The amendments have resulted in the cancellation of: 
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□ the description, 
H the claims, 

□ the drawings, 



pages: 
Nos.: 



sheets: 



27 



5. □ This report has been established as if (some of) the amendments had not been made, since they have been 
considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 



6. Additional observations, if necessary: 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 



1. Statement 



Novelty (N) 



Yes: 
No: 



Claims 
Claims 



1-15,18. 22-26 
16,17,19-21 



Inventive step (IS) 



Yes: 
No: 



Claims 
Claims 



1-26 



Industrial applicability (lA) 



Yes: 
No: 



Claims 
Claims 



1-26 



2. Citations and explanations 
see separate sheet 
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Re Item V 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 

1) Reference is made to the following documents: 

D1 : PATENT ABSTRACTS OF JAPAN vol. 007, no. 232 (C-1 90), 1 4 October 

1983 (1983-10-14) & JP 58 125698 A (MATSUSHITA DENKI SANGYO KK), 

26 July 1983 (1983-07-26) cited In the application 
D2: PATENT ABSTRACTS OF JAPAN vol. 007, no. 259 (C-1 95), 1 8 November 

1983 (1983-11-18) & JP 58 140391 A (MATSUSHITA DENKI SANGYO KK), 

20 August 1983 (1983-08-20) cited in the application 
D3: EP 0683249 A 



2) Documents D1 and D2 disclose processes for epitaxially growing InP, in which the 
In and P precursors are separately supplied to the growth region. In each 
document the In precursor (typically triethyl indium) is supplied to the substrate, 
where it Is decomposed. The P precursor (typically phosphine) is however passed 
past heating elements to decompose it prior to the growth zone. In document D1 
the phosphine was heated to ca. 600''C. In document D2 the substrate was InP. 
The apparatus used in documents D1 and D2 included separate conduits for 
supplying each of the precursors, two heating means and a substrate support. In 
D1 one of the heating means (in one embodiment a heating wire) is arranged in 
the P precursor supply conduit and the second heating means is arranged to heat 
the substrate (see Abstracts and Japanese originals, Figures) 

The apparatus claims 16,17, and 19-21 are supposed to be rendered novel with 
respect to the disclosure of documents D1 and D2 by the requirement that the 
heating means generate species which are supplied sequentially to the [growth] 
region. The sequential supply of precursor species is a method step and can only 
render an apparatus novel if the prior art apparatus is unsuitable for performing 
the method step. None of the apparatus features in documents D1 or D2 prevent 
their use for a process in which the precursors are supplied sequentially and thus 
the subject-matter of claims 16,17 and 19-21 is not novel in the sense of Article 
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33(2) PCT. 

2.1) The subject-matter of claims 1-15, 18 and 22-26 is however novel with respect to 
documents D1 and D2, since these documents do not disclose a sequential 
supply of the precursor species, an inlet formed as an elongate slot, or means for 
ensuring a relative movement between the substrate support and at least one of 
the inlets. 

3) The technical features of claim 18 are not considered to imply an inventive step. 
An inlet formed as an elongate slot is merely one of the many equivalent 
possibilities from which a skilled person would select when designing the gas 
inlets. Hence no inventive step in the sense of Article 33(3) PCT can be 
recognised for the subject-matter of claim 1 8. 

3.1) The closest prior art for the subject-matter of claims 1-15 and 22-26 is considered 
to be document D3 which discloses a method for epitaxially growing layers of 
materials such as GaN (using ammonia as the precursor at a temperature of ca. 
1000°C) or GaAs on substrates such as GaAs or sapphire. The substrate is 
placed on a rotating substrate holder and heated to the growth temperature. The 
precursor gases are supplied separately to two separate regions of the growth 
apparatus, such that upon a rotation of the substrate it passes first one and then 
the other precursor (column 1 1 , line 55 to column 14, line 23, claims and figures). 

The spatial separation used in D3 means that both precursors are separately 
decomposed and supplied to the growth region. Document D3 however fails to 
disclose means for heating at least two precursors to different temperatures. 

The problem addressed by the methods and apparatus of claims 1-15 and 21-26 
in view of document D3 is to ensure that both the decomposition of the precursors 
and the growth can occur at their optimum temperatures. This ensures that a high 
consistent concentration of the species needed for growth is present in the growth 
region and that no thermal damage to the substrate occurs, which consequently 
result in a fast, high quality growth process. 
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A skilled person clearly could arrive at the present apparatus by connbining 
document D3 with either document D1 or D2. There also appear to be sufficient 
indications in documents D1 and D2 which suggest that the separate heating 
provided in these documents solves precisely the problem addressed by the 
present application. Thus, it would appear that a skilled person would combine D3 
with either D1 or D2 to arrive at the methods and apparatus of claims 1-15 and 
22-26. Thus at present an inventive step cannot be recognised for these claims. 

It will presumably however be necessary to obtain complete translations of 
documents D1 and D2 before a definitive opinion in regard of the inventiveness of 
claims 1-15 and 22-26 can be established. 
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undesirable reactions in the mixture which reduce the 
overall efficiency of the process, 

EP-A-068324 9 discloses apparatus for independently 
supplying cation and anion material gases to a substrate 
5 using a rotating substrate holder. 

In accordance with one aspect of the present invention 
a method of epitaxially growing a material on a substrate 
comprises separately heating precursors, at least two of 
which have different decomposition temperatures, to their 

10 respective decomposition temperatures at or adjacent a 
region of - the. siibstrate to generat.e species which are 
supplied separately in a sequential manner to the region 
and which combine at the region. 

In contrast to the known methods, we separately heat 

15 the precursors to their respective decomposition 
temperatures at or adjacent this region, the region 
constituting a growth region in which the species combine. 
In this way, each precursor can be heated to its most 
efficient decomposition (cracking) temperature, while 

20 carrying out this process adjacent to the region minimises 
the risk of nascent atoms recombining before reaching the 
substrate surface . 

The species formed by the decomposition of the 
precursors are highly reactive and rapidly form more stable 

25 products. The probability of a species being involved in 
further reactions is a function of time and concentration. 
By decomposing the precursors in the vicinity of the growth 
region, the species foarmed are encouraged to combine at the 
growth region on the substrate, rather than forming 

30 xandesirable reaction products. The decomposition of the 
precursors in close proximity to the growth region reduces 
the time period in which unfavourable reactions can occur. 

Preferably the species from each precursor are 
supplied separately to the region in a sequential manner. 

35 The species may be supplied separately to the region by 
moving the substrate, to cause the movement of the region 
with respect to the locations at which decomposition of the 
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precursors occurs. Typically, at least one of the 
precursors will be supplied separately to the region as a 
gas stream. 

Preferably the species may be chosen from the Group 
5 III and Group V elements. Alternatively the Group IV 
elements may be used such as Silicon and Carbon. 

In the preferred example, one of the precursors, 
preferably the one with the lowest decomposition 
temperature, is heated to its cracking temperature by 
10 heating the substrate. In this preferred example, another 
of^the .precursors, is heated to its cracking temperature at 
a location adjacent the region. Thus, the substrate could 
be heated in the range 550-800'*C, for exanple 650''C, while 
the other precursor is heated to its optimum cracking 
15 temperature either directly or in the presence of a 
catalyst. Typically this temperature is in the range 400- 
1800**C. 

In accordance with a second aspect of the present 
invention, apparatus for epitaxially growing a material on 

20 a substrate comprises a chamber containing a substrate 
support, the chamber having a first inlet for supplying a 
first precursor and a second inlet, separate from the first 
inlet, for supplying a second precursor, the first and 
second precursors having different decomposition 

25 temperatures; and first and second heating means for 
separately heating the first and second precursors to their 
respective decomposition temperatures at or adjacent a 
region of the substrate to generate species which are 
supplied separately in a sequential manner to the region 

3 0 and which combine at the region. 

Preferably, the second inlet is formed in a supply 
conduit located adjacent to the substrate support. This 
provides a convenient way of bringing the second precursor 
close to the substrate. 

35 The second inlet can take a variety of forms including 

for example a circular hole or the like but is preferably 
in the form of an elongate slot. 
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3a 

The second heating means is conveniently provided in 
or adjacent the slot although it could be spaced upstream 
of the slot. 

5 The supply conduit will typically be made of a 

refractory material such as quartz, SiN or alumina while 
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CLAIMS 

1. A method of epitaxially growing a material on a 
substrate, the method comprising separately heating 

5 precursors, at least two of which have different 
decomposition temperatures, to their respective 
decomposition temperatures at or adjacent a region of the 
substrate to generate species which are supplied separately 
in a sequential manner to the region and which combine at 
10 the region. 

2. -A method according to claim 1 or claim 2, wherein the 
species are supplied separately to the region by the 
relative movement of the sxibstrate to cause the movement of 
the region with respect to the locations at which 

15 decomposition of the precursors occurs. 

3. A method according to any of the preceding claims, 
wherein at least one precursor is supplied separately to 
the region as a gas stream. 

4. A method according to any of the preceding claims, 
20 wherein the species are chosen from the Group III and Group 

V elements. 

5. A method according to any. of claims 1 to 3, wherein 
the species are chosen from the Group IV elements. 

6. A method according to claim 4, wherein the species 
25 comprise Gallium and Nitrogen. 

.7. A method according to claim 5, wherein the species 
comprise Carbon and Silicon. 

8. A method according to claim 6, wherein one of the 
precursors is ammonia. 
30 9. A method according to any of the preceding claims, 
wherein the substrate comprises a semiconductor such as 
Gallium-Arsenide . 

10. A method according to any of the preceding claims, 
wherein one of the precursors is heated to its 
35 decomposition temperature by heating the substrate. 



AMENDED SHEET 



-2>jQ^p01 



GB 000001 82£ 



12 

11. A method according to claim 10, wherein the substrate 
is heated to the decomposition temperature of the precursor 
with the lower decomposition temperature. 

12. A method according to claim 10 or claim 11, wherein 
5 the substrate is heated to a temperature in the range 550- 

800°C. 

13. A method according to any of the preceding claims, 
wherein one of the precursors is heated to its 
decomposition temperature at a location adjacent the 

10 region. 

14. A method according to claim 13, wherein the precursor 
is heated to a temperature in the range 400-1800**C. 

15. A method according to any of the preceding claims, 
further comprising moving the region across the substrate. 

15 16. Apparatus for epitaxially growing a material on a 
substrate, the apparatus comprising a chamber containing a 
substrate support, the chamber having a first inlet for 
supplying a first precursor and a second inlet, separate 
from the first inlet, for supplying a second precursor, the 

20 first and second precursors having different decomposition 
temperatures; and first and second heating means for 

' separately heating the first and second precursors . to their 

respective decomposition temperatures at or adjacent a 
region of the substrate to generate species which are 

25 supplied separately in a sequential manner to the region 
and. which combine at the region. 

17. Apparatus according to claim 16, wherein the second 
inlet is formed in a supply conduit located adjacent the 
sxibstrate support. 
30 18. Apparatus according to claim 17, wherein the second 
inlet is in the form of an elongate slot. 

19. Apparatus according to claim 17 or claim 18, wherein 
the second heating means is provided in or adjacent the 
slot • 

35 20. Apparatus according to any of claims 16 to 19, wherein 
the second heating means is in the form of a heating wire. 
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21. Apparatus according to any of claims 16 to 20, wherein 
the first heating means is located at a position to heat 
the substrate support. 

22. Apparatus according to any of claims 16 to 21, further 
5 comprising means for causing relative movement between the 

substrate support and at least one of the inlets. 

23. Apparatus according to claim 22, when dependent on at 
least claim 17, wherein a plurality of supply conduits are 
provided for supplying the same or different precursors to 

10 regions on the substrate, the conduits and substrate 
support being relatively movable to bring the conduits into 
alignment with different regions. 

24. Apparatus according to claim 23, wherein the supply 
conduits are arranged to supply precursors separately and 

15 sequentially to the region. 

25. Apparatus according to claim 22 wherein the relative 
movement between the substrate support and at least one of 
the inlets is in a transverse manner. 

26. Apparatus according to claim 22 wherein the relative 
20 movement between the siabstrate support and at least one of 

the inlets is in a rotational manner. 
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